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Description 

[EARPHONE STRUCTURE WITH A 
COMPOSITE SOUND FIELD] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93111985, filed on April 14, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to an earphone, and more 
particularly, to an earphone structure with a composite 
sound field. 

[0004] Description of the Related Art 

[0005] Along with the progress of the digital technology, people's 
entertainment also becomes digitalized. For example, the 
digital video disc (DVD) player is a commonly used video 
playing apparatus in family life nowadays. Since the DVD 
player basically supports Dolby Digital or Digital Theater 
System (DTS) decoding functions, it can decode the digital 



signal and provide the analog signal to speakers for 
sounding. 

[0006] | n order to have a high quality digital AV entertainment 
life, a multi-channel speaker is a mandatory device, and 
the 5.1 channel speakers are a base of the multi-channel 
speaker. 

[0007] FIG. 1 is a schematic diagram of a home theater with 5.1 
channel speakers. Referring to FIG. 1, when a DVD player 
100 is playing an AV title, different sound signals are re- 
spectively provided to a left speaker 102a of the front 
main channel, a right speaker 102b of the front main 
channel, a center speaker 104, a left speaker 106a of the 
surround channel, a right speaker 106b of the surround 
channel, and a subwoofer speaker 108, so as to generate 
a 3D sound effect and to provide an environment for sim- 
ulating a real theater effect. 

[0008] However, an earphone is required for listening audio when 
it is not suitable to use the speaker (e.g. to prevent from 
disturbing others). Referring to FIG. 2A, since a general 
earphone 200a only has one speaker 210 at its left and 
right side portion respectively, it is not possible for a user 
to enjoy the multi-channel sound effect provided by the 
DVD player. 



[0009] Therefore, an earphone with more speakers as shown in 
FIG. 2B is disclosed in the prior art. The earphone 200b 
comprises a front main speaker 202, a center speaker 
204, and a surround speaker 206 at both sides of the ear- 
phone 200b. A special design plug 208 is also provided, 
such that the DVD player can provide the audio signal of 
different channel to different speaker via the plug 208 to 
generate the home theater sound effect by the 5.1 chan- 
nel speakers as shown in FIG. 1. However, the conven- 
tional earphone 200b uses a digital design (e.g. digital 
circuit design) to control a delay time of the output audio 
signal, thus the sound field is rather poor. Comparing to 
the home theater sound effect of the 5.1 channel speakers 
as shown in FIG. 1, its sound effect is far behind and is 
too poor to express the quality and effect of the multi- 
channel surround sound. 

[0010] An earphone with a plurality of internal speakers as shown 
in FIG. 2C, 2D, and 2E is further disclosed in the prior art. 
It is a new invention for improving the earphone structure 
disclosed in ROC patent no. 534566. As shown in FIG. 2C, 
2D, and 2E, each of the channel speakers 21, 22, 23, and 
24 inside the case 10 is isolated respectively by its indi- 
vidual room 11, 12, 13, and 15, so as to have its indepen- 



dent sound field. The independent sound field can prevent 
the sound generated by each of the channel speakers 21, 
22, 23, and 24 from mixing up with the sound generated 
by other channel speakers. In addition, each of the chan- 
nel speakers 21, 22, 23, and 24 can express the charac- 
teristic of its individual speaker via different angles. How- 
ever, the conventional earphone structure in which each 
channel speaker having its individual room has its physi- 
cal disadvantage. For example, since the sound generated 
by each channel speaker is limited in the individual room 
first, and then directly propagated to user's ear, a can- 
tone effect is generated accordingly. In other word, a 
noise similar to a tone propagated via a can is generated. 
The more of the channel speakers and their individual 
rooms, the more serious the can-tone effect. As a result, 
the quality of the multi-channel surround effect is unde- 
sirable, and the efficiency is not acceptable. 
Summary of Invention 

[0011] Accordingly, it is an object of the present invention to 
provide an earphone structure for improving the output 
sound quality, and for providing a saturated sound field 
and a multi-channel surround sound effect. 

[0012] A n earphone structure provided by the present invention 



comprises a case, a plurality of sub-speakers, a compos- 
ite chamber, and a cover. The sub-speakers are installed 
on the composite chamber for forming a composite room, 
such that the sounds generated by the sub-speakers can 
form a composite sound field. The cover and the case 
jointly cover the composite chamber for forming the ear- 
phone structure. 
[0013] An earphone structure provided by the present invention 
comprises a case, a main speaker, a plurality of sub- 
speakers, and a composite chamber. The main speaker 
and the sub-speakers are installed inside the case. The 
sub-speakers are installed on the composite chamber for 
forming a composite room, such that the sounds gener- 
ated by the sub-speakers are distributed in the composite 
chamber and a composite sound field is generated. The 
cover and the case jointly cover the main speaker and the 
sub-speakers for forming the earphone structure. In addi- 
tion, the sound field generated by each of these sub- 
speakers can be adjusted by re-locating the position of 
the sub-speaker according to its characteristic, for exam- 
ple, by re-locating the sub-speaker in a front side or a 
back side of the composite chamber, or by re-locating the 
sub-speaker in different angles, in order to generate the 



composite sound field. The sound field generated by the 
main speaker and the composite sound field generated by 
these sub-speakers in the composite chamber can form a 
spatial sound with very good quality. By using of the 
physical characteristics of the locations of these sub- 
speakers, the sound generated by the earphone has a uni- 
form diffusion sound pressure and a surround effect, 
which may allow the user that uses the earphone to enjoy 
a sound field like that in a theater. 

[0014] An earphone structure provided by the present invention 
further comprises a plurality of composite chambers, 
wherein the main speaker and the sub-speakers are in- 
stalled inside the case. The sub-speakers are distributed 
on the composite chambers based on the design in order 
to form a plurality of composite rooms, such that the 
sounds generated by the sub-speakers are distributed in 
the composite chambers and a plurality of composite 
sound fields is generated. 

[0015] | n accordance with an embodiment of the present inven- 
tion, the sub-speakers comprise a first channel speaker 
and a second channel speaker, which are installed on two 
opposite sides of the composite chamber, respectively. In 
addition, in a preferred embodiment of the present inven- 



tion, the first channel speaker is installed on a position 
which is asymmetrical to the position where the second 
channel speaker is installed. 

[0016] | n accordance with the embodiment of the present inven- 
tion, the sub-speakers further comprise a subwoofer 
speaker, and the subwoofer speaker is preferably installed 
on a back side of the composite chamber which is oppo- 
site to the opening. 

[0017] | n accordance with the embodiment of the present inven- 
tion, the composite chamber is constituted with a hollow 
column. 

[0018] in accordance with the embodiment of the present inven- 
tion, the room formed by the composite chamber is de- 
signed based on a specific physical structure, for exam- 
ple, the room may be formed by a grid plate. 

[0019] in accordance with the embodiment of the present inven- 
tion, wherein some of the sub-speakers further comprise 
a sub-room, and the sub-room is installed inside the 
composite chamber. In addition, each of the sub-rooms 
has an opening, and a gap is existed between the opening 
and the cover. In a preferred embodiment of the present 
invention, the gaps are not uniform. 

[0020] in accordance with the embodiment of the present inven- 



tion, the opening of some sub-rooms face to the cover. 

[0021] | n accordance with the embodiment of the present inven- 
tion, the sub-rooms are for example constituted with a 
curve tube, wherein, the curve tube has a specific curve 
angle, and by using of its physical characteristics, the 
sound generated by the earphone has an uniform diffu- 
sion sound pressure and a surround effect. 

[0022] The present invention provides an installation of a plural- 
ity of speakers on different positions inside the earphone 
based on its specific characteristic to generate a 3D sound 
effect. In addition, the present invention further uses a 
composite sound field to uniformly distribute the sounds 
generated by the speaker of different channels to balance 
the sound pressure. 

[0023] | n accordance with the embodiment of the present inven- 
tion, the earphone structure mentioned above receives a 
signal which has been processed by a sound field simula- 
tion process, so as to generate a simulated sound field by 
the sub-speakers and the main speaker inside the com- 
posite chamber. In an embodiment of the present inven- 
tion, the simulated sound field is designed based on a 
frequency-divided point of the sub-speakers and/or a de- 
lay circuitry, which is designed based on a delay process. 



[0024] An earphone structure provided by the present invention 
comprises a composite chamber which is installed inside a 
case and a cover. The case and the cover jointly cover the 
composite chamber for forming the earphone structure. 
The composite chamber receives a plurality of sound 
source signals and forms a composite room where a com- 
posite sound field is formed from the sound source sig- 
nals. 

[0025] | n the earphone structure mentioned above, at least one 
first sound source signal and one second sound source 
signal among the sound source signals are originated at 
two opposite sides of the composite chamber. In an em- 
bodiment of the present invention, the first sound source 
signal and the second sound source signal are asymmetri- 
cally disposed on two opposite sides of the composite 
chamber. 

[0026] | n the earphone structure mentioned above, the sound 
source signals at least comprise a subwoofer sound 
source signal. In an embodiment of the present invention, 
the subwoofer sound source signal is originated at a back 
side of the composite chamber. 

[0027] in the earphone structure mentioned above, the sound 
source signals generate a simulated sound field in the 



composite chamber by using a sound field simulating 
process signal. In an embodiment of the present inven- 
tion, the sound field simulating process is designed based 
on a frequency-divided point of the sound source signals 
and a delay process. 
[0028] one or part or all of these and other features and advan- 
tages of the present invention will become readily appar- 
ent to those skilled in this art from the following descrip- 
tion wherein there is shown and described a preferred 
embodiment of this invention, simply by way of illustra- 
tion of one of the modes best suited to carry out the in- 
vention. As it will be realized, the invention is capable of 
different embodiments, and its several details are capable 
of modifications in various, obvious aspects all without 
departing from the invention. Accordingly, the drawings 
and descriptions will be regarded as illustrative in nature 

and not as restrictive. 
Brief Description of Drawings 

[0029] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 
gether with the description, serve to explain the principles 



of the invention. 
[0030] FIG. 1 is a schematic diagram of a home theater with 5.1 

channel speakers. 
[0031] FIG. 2A is a sectional diagram of a conventional earphone. 

[0032] FIG. 2B is a sectional diagram of another conventional 
earphone. 

[0033] FIG. 2C, 2D, and 2E are the sectional diagrams of yet an- 
other conventional earphone, respectively. 

[0034] FIG. 3 is a partial sectional diagram of an earphone 300 
according to an embodiment of the present invention. 

[0035] FIGs. 3A-3D are partial sectional diagrams of an earphone 
300a according to another embodiments of the present 
invention. 

[0036] FIG. 4 is a partial sectional diagram of an earphone 400 
according to yet another embodiment of the present in- 
vention. 

[0037] FIGs. 4A-4D are a partial sectional diagrams of an ear- 
phone 400a according to yet another embodiments of the 
present invention. 

[0038] FIG. 5A, 5B, 5C, and 5D are the partial sectional diagrams 
of an earphone 500 according to yet another embodiment 
of the present invention, respectively. 

[0039] FIG. 6 is a partial sectional diagram of an earphone 600 



according to yet another embodiment of the present in- 
vention. 

[0040] FIG. 6A and 6B are the partial sectional diagrams of an 
earphone 600 according to yet another embodiment of 
the present invention, respectively. 

[0041] FIG. 7 is a partial sectional diagram of an earphone 700 
according to yet another embodiment of the present in- 
vention. 

[0042] FIG. 7A is a partial sectional diagram of an earphone 600 
according to yet another embodiment of the present in- 
vention. 
Detailed Description 

[0043] An earphone structure provided by the present invention 
comprises a composite chamber which is installed inside a 
case and a cover. The case and the cover jointly cover the 
composite chamber for forming the earphone structure. 
The composite chamber receives a plurality of sound 
source signals or sound source entities and forms a com- 
posite room, such that a composite sound field is formed 
by the sound source signals or the sound source entities. 

[0044] The sound source signals or sound source entities are 

originated at two opposite sides of the composite cham- 
ber, respectively. In an embodiment of the present inven- 



tion, the sound source signals or sound source entities 
are asymmetrically disposed on two opposite sides of the 
composite chamber. 
[0045] | n addition, the sound source signals or the sound source 
entities generate a simulated sound field in the composite 
chamber by using a sound field simulating process signal. 
In an embodiment of the present invention, the simulated 
sound field is designed based on the frequency-divided 
point of the sound source signals or the sound source en- 
tities. In another embodiment of the present invention, 
the simulated sound field is designed based on the fre- 
quency-divided point of the sound source signals or the 
sound source entities or is designed based on a delay 
process. 

[0046] | n addition, the sound field generated by each of the 

sound source signals or the sound source entities can be 
adjusted by re-locating the position of the sound source 
signals or the sound source entities according to their 
characteristic, for example, by re-locating the sound 
source signals or the sound source entities to a front side 
or a back side of the composite chamber, or by re- 
locating the sound source signals or the sound source en- 
tities in different angles, in order to generate the compos- 



ite sound field. The sound field generated by the main 
speaker and the composite sound field generated by the 
sound source signals or the sound source entities in the 
composite chamber can form a spatial sound with very 
good quality. By using of its physical characteristics of the 
positions of the sound source signals or the sound source 
entities, the sound wave generated by the earphone has 
an uniform diffusion sound pressure and a surround ef- 
fect, which allow an user of the earphone to enjoy a sound 
field similar to that in a theater. 

[0047] The preferred embodiments are exemplified hereinafter 
for explaining the present invention. To be noted that fol- 
lowing embodiments are only used for the purpose to ex- 
plain the present invention more easily and are not in- 
tended to limit the scope of the present invention. 

[0048] FIG. 3 is a partial sectional diagram of an earphone 300 
according to an embodiment of the present invention. It 
shall be noted that FIG. 3 only illustrates one side of the 
earphone of the present invention, and it shall be appar- 
ent to one of the ordinary skill in the art that the structure 
of the other side of the earphone is the same as the one 
shown in FIG. 3. Therefore, detail explanation of the 
structure of the other side of the earphone is omitted 



herein. 

[0049] Referring to FIG. 3, the earphone 300 comprises an ear- 
phone main body 310 and a connection unit 320, wherein 
the connection unit 320 connects the earphone main body 
310 at the two sides (only one side is shown in the dia- 
gram). The earphone main body 310 mainly comprises a 
case 311, a main speaker 313, a plurality of sub-speakers 
315a, 315b, and 315c, a composite chamber 317 for ac- 
commodating the sub-speakers 315a, 315b, and 315c, 
and a cover 319. The main speaker 313 and the sub- 
speakers 315a~315c are installed inside the case 311. 
The main speaker 313 and the composite chamber 317 
are fixed on the cover 319. The sub-speakers 315a, 315b, 
and 315c are installed on the composite chamber 317, 
and share a 330 formed by the composite chamber 317, 
such that the sound wave generated by the composite 
room are uniformly distributed in the composite room so 
as to from a composite sound field, and to provide a good 
uniform diffusion sound pressure and a surround effect. 
Moreover, the portion of that of the sound field generated 
by each of these sub-speakers can be adjusted by re- 
locating the position of the sub-speaker according to the 
characteristic of each sub-speaker mentioned above. De- 



tails of which will be is explained hereinafter. 
[0050] | n an embodiment of the present invention, the main 

speaker 313 is for example, a front channel main speaker. 
The sub-speakers 315a~315c are for example, comprise a 
subwoofer speaker 315a, a first channel speaker 315b, 
and a second channel speaker 315c. Wherein, the sub- 
woofer speaker 315a is for example installed on a back 
side of the composite chamber 317. When the sounds are 
propagated to the sub-speakers 315a~315c from an AV 
playing apparatus (not shown), the sound wave propa- 
gated from the subwoofer speaker 315a, the first channel 
speaker 315b, and the second channel speaker 315c are 
uniformly distributed in the composite room 330, such 
that sound pressure is balanced. In order to have a better 
sound quality, the sound signal may be a signal which had 
been processed by a sound field simulating process. For 
example, by using the frequency-divided point of each 
sub-speaker, such as the frequency-divided point of the 
sub-speakers 315a~315c shown in the diagram, and after 
the delay process is performed by the electronic signal 
delay processing circuitry, the best sound field is gener- 
ated by the simulation. Therefore, the sub-speakers in- 
side the same chamber do not interfered with each other, 



and a sound with very good uniform diffusion sound 
pressure and surround effect can be provided. 

[0051] | n an embodiment of the present invention, the composite 
chamber 317 forming the composite room 330 is consti- 
tuted with a hollow column. Apparently, the shape of the 
composite room 330 is not necessarily limited to be the 
hollow column; any shape which can form a hollow cavity 
is suitable for the present invention. The cover 319 covers 
the case 311, and comprises a plurality of sound holes 
319a, which is used to propagate the sound wave gener- 
ated by the main speaker 313 inside the case 311 to the 
earphone main body 310. 

[0052] FIG. 3A schematically shows the earphone 300 according 
to an embodiment of the present invention shown in FIG. 
3. Based on the design requirement, more sets of com- 
posite room can be optionally added into the earphone 
300a of FIG. 3A, so as to provide a very good uniformly 
extensive sound pressure and surround effect. As shown 
in FIG. 3A, the earphone 300a comprises two composite 
chambers 317a and 317b. The composite chamber 317a 
comprises the sub-speakers 315a, 315b, and 315c and 
forms a composite room 330a. The composite chamber 
317b comprises the sub-speakers 315a', 315b', and 315c' 



and forms a composite room 330b. Apparently, although 
the earphone 300a shown in FIG. 3A describes an exam- 
ple of only two composite chambers, it will be apparent to 
one of the ordinary skill in the art that the earphone 300a 
may comprise two or more than two composite chambers. 

[0053] FIG. 3B schematically shows the earphone 300 according 
to another embodiment of the present invention shown in 
FIG. 3. Based on the design requirement, the main speaker 
313 shown in FIG. 3 is not installed in the earphone 300 
shown in FIG.3B. 

[0054] FIG. 3C schematically shows the earphone 300 according 
to another embodiment of the present invention shown in 
FIG. 3A. Based on the design requirement, the main 
speaker 313 shown in FIG.3A is not installed in the ear- 
phone 300 shown in FIG.3C. 

[0055] Referring to FIG. 4, FIG. 4 schematically shows a partial 
sectional diagram of an earphone 400 according to yet 
another embodiment of the present invention. In the dia- 
gram, the same reference number is used to represent the 
element having the same function as the one shown in 
FIG. 3, and the detail explanation is omitted herein. 

[0056] The sound field generated by the sub-speakers 

315a~315c inside the composite room 330 can be ad- 



justed by re-locating the position of the sub-speaker ac- 
cording to its characteristic, for example, by re-locating 
the sub-speaker in a front side or a back side of the com- 
posite chamber, or by re-locating the sub-speaker in dif- 
ferent angles, in order to generate the composite sound 
field. The sound field generated by the main speaker 313 
and the composite sound field generated by these sub- 
speakers in the composite chamber can form a spatial 
sound with very good quality. For example, if the first 
channel speaker 315b is a back surround channel 
speaker, and the second channel speaker 315c is for ex- 
ample a central channel speaker, the first channel speaker 
315b and the second channel speaker 315c are asymmet- 
rically installed inside the composite chamber 317. In 
other words, the first channel speaker 315b and the sec- 
ond channel speaker 315c are installed in the composite 
chamber 317 with one configured behind the other, such 
that the sound generated by the first channel speaker 
316b is delayed for a certain time to form a composite 
sound field. In addition, the sound field generated by the 
main speaker and the composite sound field generated by 
these sub-speakers in the composite chamber can form a 
spatial sound with very good quality. Moreover, the sound 



generated by the earphone has a good uniform diffusion 
sound pressure and a surround effect, which allow a user 
of the earphone 400 to enjoy a sound field similar to that 
in a theater. 

[0057] a s mentioned above, in order to achieve a better sound 

quality for the earphone 400, the sound signal received by 
the earphone 400 may be a signal which had been pro- 
cessed by a sound field simulating process. For example, 
by using the frequency-divided point of each sub- 
speaker, and after the delay process performed by the 
electronic signal delay processing circuitry, the best sound 
field is generated by the simulation. Therefore, the sub- 
speakers inside the same chamber do not interfered with 
each other, and a sound with a very good uniform diffu- 
sion sound pressure and a surround effect can be pro- 
vided. 

[0058] FIG. 4A schematically shows an earphone 400a according 
to an embodiment of the present invention shown in FIG. 
4. Based on the design requirement, more sets of com- 
posite room can be optionally added into the earphone 
400a of FIG. 4A, so as to provide a good uniform diffusion 
sound pressure and a surround effect. As shown in FIG. 
4A, the earphone 400a comprises two composite cham- 



bers 317a and 317b. The composite chamber 317a com- 
prises the sub-speakers 315a, 315b, and 315c and forms 
a composite room 330a. The composite chamber 317b 
comprises the sub-speakers 315a', 315b', and 315c' and 
forms a composite room 330b. Apparently, although the 
earphone 400a shown in FIG. 4A illustrates an example 
with only two composite chambers, it will be apparent to 
one of the ordinary skill in the art that the earphone 400a 
may comprise two or more than two composite chambers. 
[0059] a room with a specific physical structure for the sub- 
speaker can be further designed in the present invention, 
such that a better sound quality can be achieved wherein, 
the physical structure depends on the physical design. For 
example, a diagram is used hereinafter to explain how to 
design a room with a specific physical structure for the 
first channel speaker 315b and the second channel 
speaker 315c. 

[0060] FIG.4B schematically shows the earphone 400 according 
to another embodiment of the present invention shown in 
FIG. 4. Based on the design requirement, the main speaker 
313 shown in FIG. 4 is not installed in the earphone 400 
shown in FIG.4B. 

[0061] FIG.4C schematically shows the earphone 400a according 



to another embodiment of the present invention shown in 
FIG.4A. Based on the design requirement, the main 
speaker 313 shown in FIG.4A is not installed in the ear- 
phone 400a shown in FIG.4C. 
[0062] Referring to FIG. 5A, FIG 5 schematically illustrates a par- 
tial sectional diagram of an earphone 500 according to yet 
another embodiment of the present invention. In the dia- 
gram, the same reference number is used to represent the 
element having the same function as the one shown in 
FIG. 3. The earphone 500 comprises an earphone main 
body 310 and a connection unit 320, wherein, the con- 
nection unit 320 connects the earphone main body 310 at 
both sides of the earphone 500 (only one side is shown in 
the diagram). The earphone main body 310 mainly com- 
prises a case 311, a main speaker 313, a plurality of sub- 
speakers 315a, 315b, and 315c, a composite chamber 
317 for accommodating the sub-speakers 315a, 315b, 
and 315c, and a cover 319. The main speaker 313 and the 
sub-speakers 315a~315c are installed inside the case 
311. The main speaker 313 and the composite chamber 
317 are fixed on the cover 319. The sub-speakers 315a, 
315b, and 315c share a composite room 330 formed by 
the composite chamber 317. 



[0063] | n the present embodiment, the first channel speaker 
315b and the second channel speaker 315c comprise a 
sub-room 331 and a sub-room 333, respectively. The 
sub-room 331 and the sub-room 333 are formed with the 
chambers 317b and 317c, respectively. In addition, the 
first channel speaker 315b and the second channel 
speaker 315c are fixed on the chambers 317b and 317c, 
respectively. It is known from the structure mentioned 
above that the sound generated by the first channel 
speaker 315b passes through the sub-room 317b first, 
then propagates to the composite room 330, and finally 
propagates to user's ear. Similarly, the sound generated 
by the second channel speaker 315c passes through the 
sub-room 317c first, then propagates to the composite 
room 330, and finally propagates to user's ear, wherein, 
the chambers 317b and 317c are physical structures with 
special designs. For example, the chambers 317b and 
317c may be constituted by a curve tube. Alternatively, a 
grid plate can be used to generate a plurality of rooms in- 
side the composite room 330, and these rooms are used 
as sub-rooms 331 and 333 for the first channel speaker 
315b and the second channel speaker 315c, respectively. 

[0064] The design of the chambers 317b and 317c are mainly fo- 



cused on forming a room with a specific physical struc- 
ture. As shown in the diagram, there is a small distance 
between the chambers 317b and 317c and the case 319. 
In other words, after the sound wave propagates from 
sub-rooms 331 and 333, respectively through the first 
channel speaker 315b and the second channel speaker 
315c, the sound wave will through the composite room 
330 first, and then to the user's ear through the earphone 
500. The principle for this design is described in details 
hereinafter. First, for reducing the tube-tone phe- 
nomenon, based on the basic acoustic theory, the longer 
the distance a sound wave has to propagated in an en- 
closed chamber, namely the longer the propagation dis- 
tance, the more serious the distortion will be. As a result, 
the power required to propagate the sound wave is 
higher; and in other words, a higher sound pressure is re- 
quired. In addition, when the sound wave propagates in 
the enclosed chamber, from a tube with a smaller diame- 
ter to a tube with a larger diameter, the probability of res- 
onance increases. In other words, the sound pressure is 
increased to enhance the propagated effect. 
[0065] The structure of the chambers 317b and 317c, for exam- 
ple, a curve tube, may have a predetermined curve angle, 



such that the sounds propagated in the sub-rooms 331 
and 333 can form a very good uniform diffusion sound 
pressure and a surround effect due to the characteristic of 
the physical structure of the chambers 317b and 317c. 
According to the experimental study performed for the 
present invention, the predetermined curve angle is for 
example, within a range of 80-100 degrees. In such a 
range, based on the changes of physical characteristics of 
the sound wave, a more saturated sound field is propa- 
gated, such that the width and the depth of the sound 
field are further improved. 
[0066] Referring to FIG. 5B, FIG. 5B schematically illustrates a 

partial sectional diagram of an earphone 500 according to 
yet another embodiment of the present invention. The 
same reference number is used to represent the element 
having the same function as the one shown in FIG. 3. The 
earphone 500 comprises an earphone main body 310 and 
a connection unit 320, wherein the connection unit 320 
connects the earphone main body 310 at both sides of the 
earphone 500 (only one side is shown in the diagram). 
The earphone main body 310 mainly comprises a case 
311, a main speaker 313, a plurality of sub-speakers 
315a, 315b, and 315c, a composite chamber 317 for ac- 



commodating the sub-speakers 315a, 315b, and 315c, 
and a cover 319. The main speaker 313 and the sub- 
speakers 315a~315c are installed inside the case 311. 
The main speaker 313 and the composite chamber 317 
are fixed on the cover 319. The sub-speakers 315a, 315b, 
and 315c share a composite room 330 formed by the 
composite chamber 317. The first channel speaker 315b 
and the second channel speaker 315c comprise a sub- 
room 331 and a sub-room 333, respectively, wherein the 
sub-room 331 and the sub-room 333 are formed with the 
chambers 317b and 317c, respectively. In addition, the 
first channel speaker 315b and the second channel 
speaker 315c are fixed on the chambers 317b and 317c, 
respectively. 

[0067] The difference between the present embodiment and the 
earphone 500 in FIG. 5A is in the design of the chamber 
3 17b. The length of the sub-room 33 1 of the first channel 
speaker 315b formed by the chamber 317b is intention- 
ally extended, such that the delay time can be increased. 
In other words, the width and the depth of the sound field 
can be improved. 

[0068] Referring to FIG. 5C, FIG. 5C schematically illustrates a 

partial sectional diagram of an earphone 500 according to 



yet another embodiment of the present invention. The 
same reference number is used to represent the element 
having the same function as the one shown in FIG. 3. The 
earphone 500 comprises an earphone main body 310 and 
a connection unit 320, wherein the connection unit 320 
connects the earphone main body 310 at both sides of the 
earphone 500 (only one side is shown in the diagram). 
The earphone main body 310 mainly comprises a case 
311, a main speaker 313, a plurality of sub-speakers 
315a, 315b, and 315c, a composite chamber 317 for ac- 
commodating the sub-speakers 315a, 315b, and 315c, 
and a cover 319. The main speaker 313 and the sub- 
speakers 315a~315c are installed inside the case 311. 
The main speaker 313 and the composite chamber 317 
are fixed on the cover 319. The sub-speakers 315a, 315b, 
and 315c share a composite room 330 formed by the 
composite chamber 317. The first channel speaker 315b 
and the second channel speaker 315c comprise a sub- 
room 331 and a sub-room 333, respectively, wherein the 
sub-room 331 and the sub-room 333 are formed with the 
chambers 317b and 317c, respectively. In addition, the 
first channel speaker 315b and the second channel 
speaker 315c are fixed on the chambers 317b and 317c, 



respectively. 

[0069] The difference between the present embodiment and the 
earphone 500 in FIG. 5A is in the design of the chambers 
317b and 317c. As mentioned above, the design of the 
chambers 317b and 317c are mainly focused on forming a 
room with a specific physical structure. As shown in FIG. 
5C, the structure for forming the chambers 317b and 
317c, for example, a grid plate, may have a predeter- 
mined curve angle, such that the sound wave that propa- 
gated in the sub-rooms 331 and 333 can form a uniform 
diffusion sound pressure and a surround effect due to the 
characteristic of the physical structure of the chambers 
317b and 317c. According to the experiment performed 
for the present invention, the predetermined curve angle 
is for example, within a range of 80-100 degrees. In such 
a range, based on the changes of the physical characteris- 
tic of the sound wave, a more saturated sound field is 
propagated, such that the width and the depth of the 
sound field are further improved. 

[0070] Referring to FIG. 5D, Figure 5D schematically illustrates a 
partial sectional diagram of an earphone 500 according to 
yet another embodiment of the present invention. Similar 
to the earphone 500 in FIG. 5A, the length of the sub- 



room 331 of the first channel speaker 315b formed with 
the chamber 317b of the present embodiment is extended 
intentionally, such that the delay time can be increased. In 
other words, the width and the depth of the sound field 
can be improved. 

[0071] | n y e t another embodiment of the present invention, as 
mentioned above, the first channel speaker 315b and the 
second channel speaker 315c of FIG. 5 are disposed on 
the composite chamber 317 in a manner with one next to 
the other according to the characteristics of the first 
channel speaker 315b and the second channel speaker 
315c. A difference in distance between the sub-room 331 
and the sub-room 333 is thus formed, such that the 
sound field generated by the main speaker 313 and the 
composite sound field generated by these sub-speakers 
in the composite chamber can form a spatial sound with 
very good quality, and the sound has an uniform diffusion 
sound pressure and a surround effect. The earphone of 
this embodiment is shown in FIG. 6. 

[0072] As mentioned above, it is also possible to have different 
designs for the chamber of the earphone 600 in the 
present invention. For example, the length of the sub- 
room 331 of the first channel speaker 315b formed by the 



chamber 317b is extended intentionally. As a result, the 
delay time can be increased, and in other words, the width 
and the depth of the sound field can be improved. The 
earphone of this embodiment is shown in FIG. 6A. 
[0073] Moreover, as mentioned above, it is also possible to have 
a different design for the chamber of the earphone 600 in 
the present invention, and the earphone of this embodi- 
ment is shown in FIG. 6B. For example, the difference be- 
tween the earphone 600 of the present embodiment and 
the earphone 600 in FIG. 6 is in the design of the cham- 
bers 371b and 317c. As mentioned above, the design of 
the chambers 317b and 317c are mainly focused on form- 
ing a room with a specific physical structure. As shown in 
FIG. 6B, the structure for forming the chambers 317b and 
317c, for example, a grid plate, may have a predeter- 
mined curve angle, such that the sound wave propagates 
in the sub-rooms 331 and 333 can form a very good uni- 
form diffusion sound pressure and a surround effect due 
to the characteristic of the physical structure of the cham- 
bers 317b and 317c. It is known from the experiment ac- 
cording to the present invention, the predetermined curve 
angle is for example, within a range of 80-100 degrees. In 
such a range, based on the change of the sound wave's 



physical characteristic, a more saturated sound field is 
propagated, such that the width and the depth of the 
sound field are further improved. 
[0074] | n y e t another embodiment of the present invention, the 
opening direction of the chambers 317b and 317c for 
forming the sub-rooms 331 and 333 can be adjusted ac- 
cording to the characteristics of the first channel speaker 
316b and the second channel speaker 316c. For example, 
the first channel speaker 316b and the second channel 
speaker 316c can face different directions. Referring to 
FIG. 7, FIG. 7 schematically illustrates a partial sectional 
diagram of an earphone 700 according to yet another em- 
bodiment of the present invention. The opening of the 
chamber 317b faces the cover 319, whereas the opening 
of the chamber 3 17c faces the other side of the composite 
room 330. Therefore, after the sound wave generated by 
the second channel speaker 316c passes through the 
sub-room 333, is the sound wave is reflected by the in- 
ternal wall of the composite room 330 and then propa- 
gated to the user. Accordingly, with such a design, the 
drawback of an insufficient internal space of the earphone 
can be compensated. The time difference between the 
sound wave generated by the first channel speaker 315b 



and the sound generated by the second channel speaker 
315c to propagate out the earphone main body 310 is 
thus increased. Consequently, the depth of the sound 
field generated by the earphone 700 is further improved. 
[0075] Moreover, as mentioned above, it is also possible to have 
a different design for the chamber of the earphone 700 in 
the present invention, and the earphone of this embodi- 
ment is shown in FIG. 7A. For example, the difference be- 
tween the earphone 700 of the present embodiment and 
the earphone 700 in FIG. 7 is in the design of the cham- 
bers 371b and 317c. As mentioned above, the design of 
the chambers 317b and 317c are mainly focused on form- 
ing a room with a specific physical structure. As shown in 
FIG. 7B, the structure for forming the chambers 317b and 
317c, for example, a grid plate, may have a predeter- 
mined curve angle, such that the sound wave that propa- 
gated in the sub-rooms 331 and 333 can form a very 
good uniform diffusion sound pressure and a surround 
effect due to the characteristic of the physical structure of 
the chambers 317b and 317c. According to the experi- 
ment performed for to the present invention, the prede- 
termined curve angle is for example, within a range of 
80-100 degrees. In such a range, based on the change of 



the sound wave's physical characteristic, a more saturated 
sound field is propagated, such that the width and the 
depth of the sound field are further improved. 

[0076] Apparently, in all the embodiments mentioned above, a 
sponge or a soft cloth (not shown) may further cover the 
cover 319, so as to avoid the uncomfortable feeling of the 
user for wearing the earphone for a long time. 

[° 077 ] In summary, the earphone structure provided by the 
present invention provides a plurality of sub-speakers 
sharing a composite room, such that the sound wave gen- 
erated by these sub-speakers are uniformly distributed in 
the composite chamber and a composite sound field is 
generated by these sub-speakers in the composite cham- 
ber. The sound field generated by each of these sub- 
speakers can be adjusted by re-locating the position of 
the sub-speaker according to its characteristic, for exam- 
ple, by re-locating the sub-speaker in a front side or a 
back side of the composite chamber, or by re-locating the 
sub-speaker in different angles, in order to generate the 
composite sound field. The sound field generated by the 
main speaker and the composite sound field generated by 
these sub-speakers in the composite chamber can form a 
spatial sound with very good quality. By taking advantage 



of the physical characteristics of the locations of these 
sub-speakers, the sound generated by the earphone has a 
very good uniform diffusion sound pressure and a sur- 
round effect, which allow the customer of the earphone to 
enjoy a sound field similar to that in a theater. 
[0078] The foregoing description of the preferred embodiment of 
the present invention has been presented for purposes of 
illustration and description. It is not intended to be ex- 
haustive or to limit the invention to the precise form or to 
exemplary embodiments disclosed. Accordingly, the fore- 
going description should be regarded as illustrative rather 
than restrictive. Obviously, many modifications and varia- 
tions will be apparent to practitioners skilled in this art. 
The embodiments are chosen and described in order to 
best explain the principles of the invention and its best 
mode practical application, thereby to enable persons 
skilled in the art to understand the invention for various 
embodiments and with various modifications as are suited 
to the particular use or implementation contemplated. It is 
intended that the scope of the invention be defined by the 
claims appended hereto and their equivalents in which all 
terms are meant in their broadest reasonable sense unless 
otherwise indicated. It should be appreciated that varia- 



tions may be made in the embodiments described by per- 
sons skilled in the art without departing from the scope of 
the present invention as defined by the following claims. 
Moreover, no element and component in the present dis- 
closure is intended to be dedicated to the public regard- 
less of whether the element or component is explicitly re- 
cited in the following claims. 



